Latent herpes simplex virus (HSV) infection of the trigeminal ganglion of guinea pigs and latent varicella-zoster virus (VZV) infection of the trigeminal ganglion of humans were studied by in situ nucleic acid hybridization. Guinea pig trigeminal ganglia were removed during the period of viral latency (four to five weeks after corneal inoculation of HSV), and human ganglia were removed at autopsy. Radiolabeled HSV and VZV DNAs were used to probe ganglion tissue sections for viral-specified RNA. Hybridization detected only over neurons was present in 46 percent of ganglia from 22 latently infected guinea pigs and from 33 percent of ganglia from 10 human subjects. These results support the conclusion that some viral transcription occurred during HSV and VZV latency. [4, 5] . For other virus infections, even the detection of viral proteins is not possible. Viral infections of this last type include latent herpes simplex virus (HSV) and latent varicella-zoster virus (VZV) infections. Latent HSV and VZV infections of sensory ganglion neurons are probably the substrates of recurrent infections, including herpes labialis and genitalis (caused by HSV) and shingles (caused by VZV) [6] . The relationship between latent HSV infection and other diseases such as encephalitis is unclear, as is a possible pathogenic role for HSV in diverse illnesses of the nervous system, including multiple sclerosis and psychiatric illnesses.
INTRODUCTION
Evidence of virus infection of the nervous system is most simply concluded by the isolation of infectious virus from tissues of the central or peripheral nervous systems. With the advent of in vitro cell culture techniques, such isolations can be readily performed, for example, with poliomyelitis virus [1] . For some virus infections of the nervous systems, however, virus can be isolated only with difficulty, if at all. Examples include subacute sclerosing panencephalitis and progressive multifocal leukoencephalopathy. In these illnesses, evidence of viral infection may be concluded by the presence of virus-like particles in brain tissue [2, 3] and by the presence of viral antigens in brain tissue, as detected by immunological means [4, 5] . For other virus infections, even the detection of viral proteins is not possible. Viral infections of this last type include latent herpes simplex virus (HSV) and latent varicella-zoster virus (VZV) infections. Latent HSV and VZV infections of sensory ganglion neurons are probably the substrates of recurrent infections, including herpes labialis and genitalis (caused by HSV) and shingles (caused by VZV) [6] . The relationship between latent HSV infection and other diseases such as encephalitis is unclear, as is a possible pathogenic role for HSV in diverse illnesses of the nervous system, including multiple sclerosis and psychiatric illnesses.
Latent HSV infection of humans and experimental animals and latent VZV infection of humans are infections of neurons, most typically neurons of sensory ganglia. Infectious virus and viral antigens are not detected routinely in latently infected tissues, although HSV can be isolated with special cell culture procedures. It is possible that the failure to detect infectious HSV (and VZV) and viral antigens during latency reflects inadequate sensitivity of present-day assay methods; however, most investigators think that during latency HSV-(and VZV-) specified information is restricted and that HSV (and VZV) DNA is present in a noninfectious form [6] . The production of infectious virus in recurrent HSV and VZV infections is considered to be the result of a reactivation process in which viral DNA, RNA, proteins, and viral particles are synthesized via conventional virological mechanisms. Mechanisms underlying the initiation of viral reactivation from the latent state are unknown. The maintenance of a herpesvirus infection in a latent state implies viral or neuronal mechanisms of control. These mechanisms are presumably altered with reactivation.
To investigate further HSV and VZV latency, we employed the technique of in situ nucleic acid hybridization. By this procedure we utilized single-stranded and radiolabeled viral DNA to probe trigeminal ganglion tissues for HSV-and VZV-specified RNA. In investigations of latency we detected HSV RNA in trigeminal ganglion tissues of experimentally infected animals, and VZV RNA in human trigeminal ganglion tissues obtained at autopsy. Hybridization indicated the presence of at least partial viral transcription during latent HSV and VZV infections. Trigeminal ganglia were obtained at routine autopsy 6 to 12 hours after death. Two individuals had died of chronic neoplastic diseases; none had histories of recent VZV or HSV infections. Tissue sections (12 ,u) were stored in ethanol at -700C.
MATERIALS AND METHODS

Experimental
Preparation of Viral DNA Probes
The HSV probe used to examine guinea pig ganglia was prepared from purified HSV DNA. DNA was obtained from purified HSV virions as described previously [7] . Purified HSV DNA was radiolabeled in vitro by nick translation, by the method of Rigby et al. [8] . In the presence of DNA polymerase nicks in DNA were filled with 3H-labeled nucleotides to produce radiolabeled DNA. Nick translated 3H-labeled HSV DNA had a specific activity of approximately 2 x 107 cpm/,ug of DNA; 20,000 cpm/,ul. Strain 80-2 was used for the preparation of the VZV DNA probe. By using cloned VZV DNA fragments, a combination of recombinant VZV DNAs spanning the entire viral genome was prepared [9] . The VZV DNA probe was labeled in vitro by nick sections, and proportions of neurons showing evidence of hybridization (hybridizationpositive) were determined.
RESULTS
HLybridization Controls
Prior to use on tissue sections, viral DNA probes were tested on infected monolayer cells. To evaluate the HSV DNA probe, in situ hybridization was performed on HSV-infected Vero cells. Results were compared with similar hybridizations carried out with a bacteriophage lambda DNA probe control. As shown in Fig. IA , the HSV probe hybridized to areas showing HSV cytopathic effects, whereas bacteriophage lambda DNA did not (Fig. 1 B) . Similarly, whereas the VZV DNA probe hybridized to human embryo cells infected with VZV ( Fig. 2A) , the bacteriophage lambda DNA probe did not (Fig. 2B) . In studies in which the HSV DNA probe was used in hybridization experiments on cells infected with VZV, essentially no hybridization was noted (data not shown). Acute HSV Infection of Trigeminal Ganglion
An additional control was utilized in studies of experimental HSV infection of guinea pig trigeminal ganglion. Acute ganglion infection was evaluated in guinea pigs sacrificed three days after corneal inoculation; at this time infectious cell-free virus is present in ganglion tissue. As shown in Fig. 3 , evidence of hybridization with the HSV probe was detected. Hybridization occurred over groups of cells and was present over neurons as well as non-neuronal cells. Hybridization was not apparent over ganglion tissue from uninfected animals (data not shown). Latent 
HSV Infection of Guinea Pig Trigeminal Ganglia
Evidence of hybridization was seen over occasional neurons from latently infected guinea pigs when tested with the HSV DNA probe. As shown in Fig. 4A , clusters of grains were localized over the nuclei of cells. In all instances, hybridization was limited to neurons within ganglion tissue. When tissue sections were pretreated with DNase, there was little or no decrease of subsequent hybridization (Fig. 4B) ; however, after pretreatment with RNase, hybridization was markedly decreased or eliminated. Hybridization to ganglia from latently infected animals was not detected when the bacteriophage lambda probe was used. Hybridization results are summarized in Table   * (Fig. 5) . Although tissue preservation was not as good as in the guinea pig studies, clusters of grains were localized over neurons. Silver grains representing authentic hybridization within neurons were differentiated from the typically perinuclear neuronal grains due to autofluorescent lipofuscin (Fig. 6 ). As indicated in Table  2 , 0.08 to 0.3 percent of neurons in three ganglia from nine individuals were hybridization-positive. For each ganglion, 448-607 neurons were examined. Evidence of hybridization was not detected when the bacteriophage lambda DNA probe was used.
DISCUSSION
The strength of in situ nucleic acid hybridization is the identification of viral nucleic acids in tissue sections in instances in which the nucleic acids are present in few cells, particularly where nucleic acid is present in a specific subpopulation of cells. Both of these conditions pertain to HSV and VZV latency of sensory ganglion neurons. Evidence has been provided that HSV and VZV latent infections of ganglia are infections of neurons, and latent virus was detected only in relatively few neurons. In our studies of HSV latency utilizing DNA-RNA in situ hybridization, 0.3 to 5 percent of neurons in the 46 percent of trigeminal ganglia that were positive showed When in situ hybridization is performed on human tissues obtained at autopsy, the potential for virus reactivation between the time of death and removal of tissues needs to be considered. Partial reactivation might have occurred in our VZV study and in studies of HSV performed by Galloway and colleagues [11] . However, reports of similar hybridization results for HSV in experimental animal tissues [7, 12] support the validity of the human studies.
It has recently been reported that cellular and HSV DNAs share homology [13] [14] [15] . For example, shared homology has been reported between human DNA and the BamHI-S/P fragment of HSV DNA [14] , and hybridization has been reported between a small DNA segment from the distal portion of the TRL/IRL regions of HSV DNA and human 28S ribosomal RNA and DNA [15] In studies of viral latency utilizing in situ hybridization, an important concern is whether the probe is detecting reactivating or reactivated virus, as mentioned in the preceding paragraphs. It is quite apparent that the detection of viral nucleic acid may be improved by reactivation. For example, improved labeling of sensory ganglion neurons after a brief period of in vitro cultivation was demonstrated by Stevens and others in a DNA-DNA hybridization study [16] . In the present hybridization study and in the studies mentioned above, cultivation was not performed. In our studies of ganglia from latently infected animals, cell-free virus was not detected [unpublished observation]. Therefore, within the limits of the sensitivity of the methods used to detect infectious virus, it can be concluded that "complete" reactivation had not occurred. That "incomplete" reactivation occurred, whereby limited viral RNAs were expressed during latency, is possible. This hypothesis requires some discussion of the definitions of latency. "Incomplete" reactivation may be common, or it may occur occasionally in cells in which viral RNA is not expressed. "Incomplete" reactivation may be an important process because it implies a level of cell and/or viral control on the reactivation process. The determination of such limited expression of viral RNA and protein is, in fact, a major objective of future studies.
